8 of them after the first week of life. The frequency of PDA complicating RDS and the relatively high mortality in this conservatively-treated group of babies is emphasized. The incidence reported here is likely to increase with the increased survival of very low birthweight infants with severe RDS. The high incidence of late deaths in babies who develop signs of PDA associated with an inability to wean from assisted ventilation suggests that early surgical ligation of the PDA in these babies should be considered. The results of a conservative approach to management of these infants are presented.
As the standard of perinatal care improves, particularly with recent techniques for artificial ventilation, a greater proportion of babies with the respiratory distress syndrome (RDS) survive. At the same time, persistent ductus arteriosus (PDA) has become more evident in association with RDS, especially among the smallest and sickest infants (Siassi et al., 1969; Kitterman et al. 1972; Neal et al., 1975) .
Although much attention has recently been focused on this problem, there is no consistent agreement on management (Krovetz and Rowe, 1972; Lees, 1975) . Most workers consider that heart failure should be managed medically at first, and that surgical ligation of the PDA should be performed when medical management is unsuccessful, and when heart failure results in an inability to wean from assisted ventilation (Gupta et al., 1972; Kitterman et al., 1972; Edmunds et al., 1973; Thibeault et al., 1975) . Earlier ligation however has been suggested, since the presence of a left-toright shunting PDA in the infant with RDS may Received 9 August 1976 lead to a progressive deterioration in lung function and the possible development of bronchopulmonary dysplasia (Gupta et al., 1972; Gay et al., 1973; Neal et al., 1975; Thibeault et al., 1975) . The latter complication has been one of the major factors responsible for the poor results of ductus ligation in most reported series (Edmunds et al., 1973; Gay et al., 1973) .
Conversely, since the PDA frequently closes spontaneously in preterm infants, a more conservative approach has been recommended by several workers (Auld, 1966; Danilowicz et al., 1966; Girling and Hallidie-Smith, 1971) , and the prolonged application of continuous positive airways pressure (CPAP) to control heart failure and await spontaneous PDA closure has been reported in 2 cases from this hospital (Roberton, 1974 (Milner and Richards, 1974 (Case 7, 40 days; Case 42, 24 days) have previously been described by Roberton (1974) .
Mortality. This is shown for babies with RDS and for those with RDS plus PDA in Table 3 . The overall mortality for RDS was 17 % and was significantly increased (31%, x2=4 75, P<0 05) when PDA occurred as a complication. Since this high mortality in the PDA group probably reflects the severity of RDS at lower birthweights rather than the effects of a PDA, the mortality in babies with severe RDS (receiving IPPV) with and without PDA has also been compared (Table 4) . Mortality is higher in the non-PDA group (61 %) compared to the PDA group (40%, x2=4-l5, P<0 05). However, 35 of the 38 deaths in the non-PDA group were early deaths (<1 week) whereas most deaths in the PDA group occurred much later (Fig.) , 10 of the 13 In babies with PDA complicating RDS, a significantly increased mortality was found in those with a continuous rather than a systolic murmur (x2= 4-13, P<005). Babies in whom the appearance of the murmur was associated with a return to IPPV or delay in weaning from IPPV or CPAP had a significantly higher mortality (47%o) than babies whose PDA either required no treatment, or digoxin and diuretics only for heart failure (19 %, x2=4 06, P<005).
The main post-mortem findings in the 14 babies with PDA who died are shown in Table 2 . Bronchopulmonary dysplasia (Northway et al., 1967) was the main finding in 5 babies. Necrotizing enterocolitis was the cause of death in 3 babies, and intraventricular haemorrhage in 3. One baby had hydrocephalus due to old intraventricular haemorrhage (Case 42). The ductus arteriosus was stated to be 'open' in 5 babies, 'closed' in 2, and was not commented on in the remainder.
Discussion
The ductus arteriosus normally attains functional closure in the first 15 hours of life (Moss et al., 1963) , but frequently remains latent for longer periods in preterm infants (Burnard, 1959; Powell, 1963; Clarkson and Orgill, 1974) . Patency of the ductus in infants with RDS has been recognized for many years (Rudolph et al., 1961) , but only more recently has heart failure due to a left-to-right shunting PDA been increasingly recognized as a complication in babies recovering from RDS (Auld, 1966; Siassi et al., 1969; Kitterman et al., 1972; Krovetz and Rowe, 1972; Neal etal., 1975; Lees, 1975) .
The 15% incidence of PDA complicating RDS reported here is similar to those in previous series (Kitterman et al., 1972; Neal et al., 1975) . The present study is retrospective, and based on the findings noted on repeated clinical examination by the resident medical staff. PDA has been diagnosed only in the presence of a murmur as described by Rowe and Lowe (1964) who have pointed out that, even in infancy, a clinical diagnosis without resort to cardiac catheterization is nearly always possible. However, Thibeault et al. (1975) have suggested that large left-to-right ductal shunts might contribute to early mortality in RDS even in the absence of a murmur. The incidence of PDA complicating RDS in our series may therefore be an underestimate. This incidence may be expected to increase with the increased survival of low birthweight infants with severe RDS. The importance of temporarily turning off the ventilator to allow accurate auscultation for murmurs in infants with RDS has been stressed by Siassi et al. (1969) and Kitterman et al. (1972) .
Prolonged patency of the ductus arteriosus in preterm infants, and the increased incidence with decreasing birthweight in the present series (Table 3) may be explained on the basis of a decreased constrictor response of the ductus to oxygen and other vasoactive agents with shorter gestation (McMurphy et al., 1972) , though in some other series (Girling and Hallidie-Smith, 1971; Clarkson and Orgill, 1974 ) no similar increase with decreasing gestational age was found. Since a rise in arterial oxygen tension after birth is probably the main factor initiating normal duct closure (Heymann and Rudolph, 1975) , more prolonged patency might be expected in infants with prolonged hypoxaemia after birth. The higher incidence of PDA in infants with severe RDS (Table 4) is therefore not unexpected, though, perhaps surprisingly, no increased incidence of PDA in infants asphyxiated at birth was found, either in the present series or in that of Girling and Hallidie-Smith (1971) . That prolonged patency of the ductus in infants with RDS might be due to the effects of artificial ventilation rather than be secondary to the lung disease has been suggested by Krovetz and Rowe (1972) . The appearance of the murmur of PDA during the recovery stage of RDS may be explained on the basis of a fall in pulmonary vascular resistance at this time, with a resultant increase in left-to-right shunting. That the murmur is frequently systolic initially and later becomes continuous is also consistent with this hypothesis.
In the present series progressive hepatomegaly and lung crepitations in the infant with a murmur, bounding pulses, and a hyperactive praecordium were the usual indications for digoxin and diuretics. The clinical assessment of liver size in the infant receiving IPPV, however, can be misleading. In this situation radiological assessment of heart size and pulmonary vascularity may similarly be difficult, and electrocardiography is frequently unhelpful (Kitterman et al., 1972) . Increased oxygen requirements, hypercapnia, and the need for increased inflation pressures were frequently seen in infants on assisted ventilation who developed heart failure due to PDA. In other infants apnoea necessitated a return to IPPV shortly after the appearance of a PDA murmur, a finding similar to that of Kitterman et al. (1972) .
Infants in whom the appearance ofa PDA murmur was associated with a return to IPPV, or inability to wean from IPPV or CPAP, frequently required further assisted ventilation for prolonged periods. Although this may provide effective treatment for heart failure due to PDA in some cases (Roberton, 1974) , the mortality in this group of infants was high (47 %). Bronchopulmonary dysplasia and tracheal stenosis might have been prevented by PDA ligation at an early stage. In addition, the duration of the need for intensive care with its attendant physical and emotional complications in this ill group of infants might have been shortened by early operation. The results of PDA ligation in most reported series, however, are poor (Edmunds et al., 1973; Gay et al., 1973) . Bronchopulmonary dysplasia and intracranial haemorrhage have been a major cause of mortality. Operation, however, has frequently been performed several days after the development of heart failure, and perhaps much earlier ligation of the PDA would prevent the development of bronchopulmonary dysplasia and improve the results of surgically treated cases (Gupta et al., 1972; Edmunds et al., 1973; Gay et al., 1973; Neal et al., 1975) . Assessment of the size of a left-to-right ductal shunt by single injection aortography via the umbilical arterial catheter (Thibeault et al., 1975) and noninvasive measurement of left atrial and left ventricular size by echocardiography (Silvermann et al., 1974; Baylen et al., 1975) may help to select those cases requiring surgery. Our results suggest that in conjunction with these specialized investigations an inability to wean from assisted ventilation may define that group of infants with PDA complicating RDS who are most likely to benefit form early PDA ligation.
The recent observation that the ductus arteriosus may constrict or close after administration of prostaglandin inhibitors such as indomethacin (Friedman et al., 1976; Heyman et al., 1976) , suggests that medical rather than surgical closure of the PDA may in future become the treatment of choice in these infants. 
